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Previous studies by Rowe (57 b~ c , d, e,) of the metabol-
ism or galactose have shown interesting differences, both phy-
siologic and pathologic in origin, in its utilization by the 
human organism. This fact has made the observation of its 
metabolism a valuable instrument in the differential diagnosis 
of abnormal conditions arising in the organism. 
There are a number of references in the literatUl~e , which 
would indicate differences in the metabolism of g-alactose whic~ 
is an aldohexose , and levulose which is a ketohexose. This di~­
ference might be anticipated from their different chemical con~ 
stitutions , and if confirmed might be or great value as an 
additional test to be applied to the differential diagnosis of 
functional d~rangements . With this as an ultimate objective 
this investigation has been undertaken. The material which 
will be considered in this thesis will be (1) a choice and 
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the beginning of the century~ the following articles give an 
insight into the factors influencing the problem. Sachs (59) 
in 1899 working with hepatectomized frogs~ made the original 
discovery that the tolerance for levulose had been lowered. 
As a result of tlus observation Strauss (65) in 1901, proposed 
a test for liver fUnction based upon the appearance of a levu-
losuria after the ingestion of less than 100 grams of levulose. 
I· He reported positive find_ings in 25 out of 28 cases of liver 
I dysfUnction~ whil e only 6 out of 58 normals gave positive re-
I sults. Again in 1903 (66) and later in 1913 (67) he reitera-
ted his stand upon the matter reporting in the latter paper the 
relative incidence of levulosuria in various liver disorders 
and emphasizing its value as a means of differentiation. 
Rebaudi (54) regards altmentary levulosuria as the most delica 
test available ·for revealing the slightest functional disturb-
ance of the liver. De Rossi (18) reports 19 cases of liver 
order showing positive results. Franke (26) with 16 cases, 
Goodman (30) with 97% of 32 liver cases showing levulosuria 
tar 100 grams of levulose lend their support to the reliabil-
ity of the test. Jacoby (45) reports 29 out of 34 liver cases 
positive after 50 grams of levulose, while none of 19 normal 
individuals show similar results. Sabatowski (58) encounters 
positive results in 41 out of 45 cases of liver dys~ction 
after 100 grams of levulose. On the other hand Bloomfield and 
Hurwitz (7) believe other conditions exclusive of liver dys-
i function influence levulose metabolism. They cite the -possi~ 
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bility of uninjured liver tissue compensating for the loss of 
function caused by the diseased portion. They also believe 
that the variability of carbohydrate diet before the test may 
influ ence the tolerance to levulose. Churchman (14 ) .frowns 
upon the use of the test as an i ndex of liver function because 
2 out of 12 cases of liver dysfunction show no levulosuria af-
ter 100 grams of levulose. The fact tha t 9 out of 38 normals 
give positive findings under the same conditions, he interprets 
as evidence that factors other than the liver must be consi-
dered. Pituitary influence is suggested as a possibility. 
Elmer and Scheps (19) do not consider levulosuria as a relia-
ble criterion of lowered tolerance but prefer to base their 
findings upon the elevation of the blood sugar level after in-
gestion of levulose. A rise of 20 mgm. per 100 cc. in the 
blood sugar level after 45 grams of levulose is considered ab-
1 normal. Friedman and Strouse (28) object to the test on the 
I 
j grounds of its non-specificity, citing raised or lowered ac-
tivity 011 the part of the thyroid as a distur1:>1ng factor. The 
observation of the absence of levulosuria in a number of liver 
cases is also made although same uncertainty as to the diagno-
sis is admitted. Greene and his associates (37) do not be-
lieve that the proportion of positive results is great enough 
to make the test of diagnostic value in any individual case of 
liver dysfunction. Their conclusions are based on results ob-
tained by means of the Tallermann teclUlique (68). In this 
I 
I 
II 
4 
30 to 50 grams of leyulose are administered orally ac-
cording to body weight. A blood sugar level of 135 mgm. per 
100 cc. with a maximal rise of 30 mgm. per 100 cc. is consi-
dered abnormal. The fact that there is such a lack of agree-
ment reported by various investigators, tends to support the 
contention that the type of liver disorder has an important 
I 
bearing upon the results obtained, and for this reason the tes~ 
I 
must be considered as having distinct possibilities of value a 
a differential diagnostic agent. 
The detection of deviations from the normal necessitates 
the establishment of normal criteria. Only limited reports on 
normal levulose tolerance are available and the results show a J 
lack of concordance. Strauss ( 66) and Sabatowski {58) each re~ 
1 
port a series of cases in which no case showed a levulosuria ! 
i 
after 100 ~ams of the sugar. Landsberg (49) reports 4 out of : 
7 normal cases positive after 100 grams of levulose. Achelis 
(1) states that 40% of normal L~dividuals show levulosuria af-
ter 100 gms. of sugar, whereas only 9% show a similar response 
after 60 grams of sugar. Jacoby (45) observes no levulosuria 
in 19 normals after 50 grams of levulose. Goetch, Cushing, 
and Jacobson (29) cons~der the normal tolerance level to be 
100 grams. Van Noorden (53) regards 1.7 to 2.1 grruns per kilo 
of body weight as the probable normal level. It is to be re-
gretted that a great deal of the work was performed on "hospi-
tal normals." This f'B.ct may offer a possible explanation for 
II 
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the conflicting results. Taking· due cognizance of this possi- ' 
I 
I bility, in the study which I shall presently describe I have I 
employed only thoroughly standardized individuals who have been 
adjudged as nor.mal by means of a series of rigorous physiolog-
ical tests (57a) in which casual observation or opinion was not 
a factor. The unreliability of the data secured using the 11hos r-
, pital normal" as a standard is further emphasized by additional 
studies on a number of abnormal conditions. Syphilis depresses! 
the tolerance according to Arai (4) and von Frey (27 ). Crisafi 
(17) finds a lowered tolerance in tuberculosis and nephritis. 
Von Frey (27) makes a similar observation in the case of po~­
ycythemia, as do Gosden and Fox (31) in the case of epilepsy. 
'It is quite generally agreed that pregnancy has a depressing 
effect upon the tolerance. Gottschalk (33) observes a lowered 
tolerance in 10 out of 17 pregnancies. Hetenyi (41) finds a 
depressed level in each of 25 cases studied. Reichenstein (55) 
notes a lowered tolerance in 58 of 72 pregnancies and in a 
later series makes the same observation in each of 7 cases 
studied. All the above findings are based on the detection of 
levulose in the urine. 
Since the development by Folin and Wu (25) in 1920 of a 
reliable method for the quantitation of blood sugar. many 
workers have made use ot the blood sugar curve after sugar 
feeding to measure the ease with which the sugar was metabo-
lized. It will be well at this time to examine the results 
6 
obtained using levulose as the test sugar. Levulose, unlike 
glucose and galactose, causes but a very slight elevation of 
the blood sugar level of the normal individual. There is a 
marked difference of opinion too, both as to the line of de-
marcation of nor'Dl.al and abnormal rise in blood sugar level and. 
as to the proper provocative dose of levulose to be adminis.tere • 
Neu and Keller (52) consider a 4 mgm. rise after 60 grams of 
levulose as the proper value. King (47) however places the 
value at 8 mgm. after 45 grams of sugar • . · Other levels are as 
follows: 20 mgm. rise after 100 grams according to Gottschalk 
(34) and Heinicke (39); 30 mgm. rise after 45 grruns according 
to Elmer and Scheps (19); and Tallermann (68); and a 36 mgm. 
'I rise after 100 grams according to Isaac (44). A large number 
of investigators claim an abnormally high rise in the blood 
sugar in liver involvement. These include Bergmark (6), Covell 
• 
{16), Elmer and Scheps (19), King (47), Spence and Brett (64), 
Schirokauer (61), Taller.mann (68) 1 snd Williams (71). There 
are however so.me others, including Finkelstein and Dannenberg I 
(22), Greene and associates (36) and Hetenyi (40) who object t~ 
the test because of a considerable proportion of liver cases i1 
I 
which they ~ailed to observe an abnormally high blood sugar I 
I level. The criterion of liver deficiency is a blood sugar val 
I ue of 125 mgm. per 100 cc. after 30 to 50 grams of levulose 
II I /. according to Jolliffe ( 46}. Heinicke and Peters ( 39} · interpre : 
II a sharp rise and slow fall of the Curve 1n a similar manner, 
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Malmros and associates (50) regard the occurrence of the maxi-
mum value of the curve within 34 to 37 minutes as evidence of 
normal liver function . A variety of conditions also cause el-
evated blood sugar values after levulose feeding. Among these 
are syphilis according to Greene (35}, amebiasis according to 
'! Covell (16), rheumatic heart according to Brown (8) and Chad-
wick (13), cancer of the pancreas according to Greene (36), 
psychosis according to Seharpff (60), and malaria according to 
Williams (71). 
The small rise in blood sugar which is caused by levulose 
greatly impairs the value of the use of the blood sugar curve 
in detecting moderate deviations fro.m the normal. The wide 
scatter of opinions as to the maximum rise to be considered 
normal casts additional doubt upon the reliability of this line 
of approach. The use of the blood sugar curve as a diagnostic 
· measure also possesses certain inherent objections which may b 
properly pointed out at this time. The blood sugar cu~ve is 
obtained by straight line interpolation between points deter-
mined at intervals of 15 to 30 minutes. It is thus only by 
pure chance that the true maximum of the curve is determined. 
! 
Faber and Hansen (20) emphasize this view very strongly. They i 
I 
consider determinations at five minute intervals to be prefer- ~ 
able but still not infallible. The practical considerations 
involved in obtaining blood :from an individual at such frequen 
intervals over an extended period constitute grave objections 
:-_-__ - ::::==t-f============--=--=-=-:...::-=-=--- ----=--= ----=----=----=-==--=----=-=- --=--::--====-=--=-:=-==tl====-=-=-=--
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to the procedure. It is thus seen that it would be possible fo 
the maximum of the curve to occur between determinations of the 
blood sugar level, and thereby escape detection. If, as a re- , 
suit of this maximum, the tolerance was exceeded, the resulting ! 
I 
appearance of sugar in the urine could be detected conveniently 
by the conventional qualitative test for sugar. This very 
happening, that is, the occurrence of levulosuria without the 
detection of a simultaneous elevated blood sugar level has been 
reported several times in the literature. Gottschalk (33) ob-
serves the occurrence in 5 out of 12 cases. Hetenyi (41) re-
ports 25 cases in which levulosuria occurred; while 1n only 10 
out of 17 in which the blood sugar curve was determined was a 
' high value observed. Tallermann (68) reports the presence of 
levulosuria in 14 normal pregnancies with an abnormal blood 
sugar rise in only one of them. In 3 cases of toxic pregnancy 
all of which exhibit a levulosuria , but one shows an abnormal 
rise in blood sugar. With these fact s in mind .I have felt th 
the urine findings present by far the most reliable index of 
sugar tolerance and have accordingly adopted a modified Hof-
meister (42) technique. The details of this technique will be 
fully described in the section devoted t o the experimental dat • 
The importance of us ing sugar of the highest purity in 
tolerance tests has been strongly emphasized. Kraus and Ludwig / 
{48) observed a glycosuria after 100 grams of commercial gluco 
Yet, after 200 grams of a purified glucose no trace of sugar 
·-=-=-===::-:=tl======:=--_-_...:.::.-:: =--_---~=== 
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was detected in the urine. Folin and Berglund (23) made a sim-
ilar observation . They emphasize the importance of guarding 
against traces of reducing material which can be absorbed from 
the intestinal tract but can not be utilized by the organism 
and consequently are excreted in the urine. Their observation 
of reducing material in the urine {toward alkaline copper so-
lution) equivalent to 0.25% glucose but not showing a positive 
Seliwanoff (62) reaction after a test meal of levulose bears 
out their contention in a convincing manner. The same authors 
have described the cathartic properties of certain smaples of 
levulose , which is increased markealy by autoclaving of the 
sugar . This impurity of course interferes with absorption of 
the sugar in the intestines and invalidates any test in the 
course of which a diarrhea is produced. I - have met this same 
difficulty in some samples of levulose prepared from invert 
sugar. Repeated crystallization from alcohol removes this im-
purity but also adds materially to the cost of the sugar. Re-
cently a product made from inulin possessing the double ad-
vantage of freedom from this impurity and moderate cost has 
made ave.ilable by the Pfanstiehl Chemical Company. In view of 
these facts, it seems not improbable that some of the conflict 
ing reports in the earlier literature may be ascribed to the 
presence of impurities in the test sugar. 
In a number of investigations a sugar-containing vehicle 
I 
has been utilized in the administration of the levulose. · I 
I =============--==~~~==~-
!! 
II 
'I I. 
II 
il 
======~=======~==~ =*==~---=---_ 
10 
Friedman and Strouse (28) have employed lemonade for t his pur-
pose . Hohlweg (43) has used milk . The observations of the 
effect of impurities , just noted , casts a measure of doubt upon 
the reliability of this method of administration. Equall y the 
be 
admixing of another sugar with t h levulose is toA frowned upon . 
This technique has been reported by Bruning (10), Fiessinger 
and Dieryck (21) , Graul (34) , and Schirokauer (61). The levu-
lose in our experimental work has been administered in pure 
water 
Properties of Levulose of Analytical Value 
A brief outline of the Chemical and physical properties o 
levulose of value in its detection and determination will pro-
perly introduce a discussion o~ the analytical data. 
Levulose is a monosacchar i de (a ketohexose) . It occurs 
chiefly in the disaccharide sucrose combined with glucose and 
1n inulin a polysaccharide yiel ding levulose alone upon hy-
drolysis . 
Levulose is strongly levorotatory having a specific rota-
tion of -92 degrees . It exhibits the phenomenon of mutarota- I 
I 
tion when dissolved in water requiring 30 minutes after solu-
tion to attain a constant polariscopic reading. 
Levulose is fermented by yeast in the same manner as glu-
cose . 
Levulose forms an osazone with unsymmetrical methyl 
---~-=-~F===--=-=--=-==========~-=-=-~-~============~================~~~-~----
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phenyl hydrazine while glucose does not . 
Levulose, like other so called reducing sugars, when 
heated with alkaline copper solutions causes a precipitation o 
cuprous oxide. Metallic bismuth and silver are likewise pre-
cipitated from the respective alkaline and ammoniacal solutions 
of their salts by heating with levulose . 
Levulose produces an i ntense blue coloration when heated 
with diphenylamine in the presence of hydrochloric acid. The 
chromogenic power of levulose in this reaction is about thirty 
three times that of glucose. 
Levulose reduces phosphomolybdic acid with the development! 
of an intense blue color when heated with it. 
Levulose is about twenty two times as effective as glucose 
in this re:spect. 
Levulose gives a number of color reactions when heated 
with various phenols in the presence of hydrochloric acid. 
Outstanding among these is the intense red color reaction pro-
duced when resorcin is used in the reaction. This is known as 
the Seliwanoff reaction. 
Analytical Procedures 
As in the case of the previous work carried out upon the 
metabolism of galactose , I have selected as a qualitative tes 
for the presence of reducing sugar . in the presence o:f urinary 
1 constituents the qualitative procedUl~e devised by Benedict (5). 
=====lt=='¥~s==P=e:a=g:e-n-t=whi-c~~J?AP------S-G1\H:Z!G~in1nJ.t===J:I=-::::_-=-=--=---c_:-:_-:-_=--
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sodium carbonate and citrate possesses distinct advantages over 
older reagents such as that of Fehling in that it is much less 
affected by non sugar reducing substances present in urine. It 
possesses also a high degree of sensitivity giving a positive 
response to a concentration of levulose as low as .04% when ap-
plied to urine. As has been stated previously I have based the 
definition of an exceeded levulose tolerance upon the appearance 
in the urine of detectable amounts of levulose. The qualitative 
reaction of Benedict of course is not s pecific for levulose but 
merely indicates the presence of a reducing sugar. However, the 
appearance of sugar in a urine, previously sugar free, after the 
administration of levulose strongly suggests -t,"lat the sugar is 
levulose. At any rate a positive test is followed by the 
Seli"~Nanoff (62) test which possesses a high degree of specifici Ur 
for levulose. Unfortunately there are present in the uring sub-
stances which produce a color with the Seliwanoff reagent simi-
lar to that caused by levulose. The nature of these substances 
.-, 
is not clear but of more importance is the fact that they can 
be removed by treatment with animal charcoal in the presence 
of 10% acetic acid as described by Anderson (3). The use 
of a mineral acid causes the removal of levulose and so must 
be avoided. I have been able to obtain satisfactory results 
by using a 3% concentration of acetic acid, through taking 
the precaution of removing the basic impurities from the 
animal charcoal by digestion with 10% hydrochloric acid, re-
==========~~================~====~~---=~~= 
moval of the acid by washL~g , and thoroughly drying by heating 
to a dull red heat as described by Browne ( 9) . I have also 
been able to remove ·levulose in concentrations up to 0 .5% 
I (which is the highest concentration I have met in rrry experi-
'i ments) by fermentation with yeast (washed according to Somogyi 
1 (63) ) at 350 to 420 Centigrade for 90 minutes . The Seliwanoff 
test which was previously positive in the presence of levulose 
bec~aes negative of course after fermentation . 
Thus I believe that I have conclusively demonstrated the 
presence of levulose if (1) the Benedict test is positive, (2) 
t he Seliwanoff test on clarified urine is positive , and (3) the 
Seliwanoff test on the srune s~~ple is negative after fermenta-
tion. 
i A qualifying statement should be added to the above condi-1 
tions . Although Seliwanoff's test is highly specific for levu-
lose it is not co.mpletely so , nor is any other known test . 
Glucose in sufficient quantity will give the test . However I 
have detel~ined that the Seliwanoff test given by 0.5% glucose 
does not compare with that given by . 01% levulose. Therefore 
no confusion is occasioned since I .· determine the total amount 
I 
of' sugar present . Amounts greater than 0 . 5% which have occurre1 
i n my · experience in diabetic cases only are allocated to glu-
cose and levulose respectively by quantitative methods to be 
described later . It is evident that a positive Seliwanoff tes 
with quantities of sugar less than 0 . 5% indicates that at leas 
14 
part of the sugar present is levulose . 
Following is a des cription of the method of application o 
the two qualitative tests: 
Benedict's ~ualitative Test: To 5 cc. of Benedict's so-
lution which has been heated to boiling is added 0 .5 cc. of 
urine . Boiling is continued for one minute. A green opacity 
appearing uniformly throughout the solution while the solution 
is cooling is the faintest test to be considered positive. 
Seliwanoff's Test: 5cc. of urine is mixed with 5 cc . of 
a mixture of concentrated hydrochloric acid and water in equal 
parts. A few crystals of resorcin are added and the mixture 
heated to boiling. Boiling is continued for 20 seconds. In 
the presence of levulose a bright red color develops within 
10 minu tes. . 
In possession of a satisfactory qualitative test for the 
presence of levulose in urine , and a knowledge , obtained by 
experience, of the concentration range of levulose in urine 
with whic. .·I was -to deal ( . o4% to 0.5~6) I have proceeded 
to investigate a number of quantitativ methods and to select 
the most suitable for my·· purpose. I have measured the ac-
mtracy of the methods by a determination of the levulose con-
tnet (1) of aqueous solutions containing known amounts of su-
gar and (2) of samples of urine to which were added known 
amounts of sugar. 
Th~ adaptation of the reaction between levulose and math-
~=====*~- ---- -~============================================~~==~~~ 
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yl phenyl hydrazine to a quantitative procedure was not possi-
ble, as the osa~one formation is not quantitative nor is the 
test sufficiently sensitive. 
In attempting to employ the blue color reaction between 
levulose and diphenyl amine in a colorimetric procedure, there 
was produced a darkening 1n the presence of urine, caused by 
the heating with the hydrochloric acid necessary 1n the reac-
tion. The same difficulty was experienced by Corley (15) 1n 
his attempt to estimate levulose in urine in this manner. Pre-
liminary clarification of the urine by precipitation with lead 
acetate, by shaking with animal charcoal, or with Lloyd's re-
agent (a hydrated aluminum silicate) as recommended by Folin 
( 24) , did not remove the cause of the difficulty. So pronouncec 
was the darkening that colorimetric measurement against a stan-
dard levulose solution was impossible. 
Preliminary clarification with animal charcoal removed sub-
stances from urine which caused a reddish color similar to that 
produced by levulose with the Seliwanoff reagent, thus provid-
ing an excellent qualitative test for the detection of levulose. 
However in many samples of urine free from levulose, a yellow 
color of varying intensity is produced when the Seliwanoff test 
is applied. This hinders the use of the test as the basis of a 
precise colorimetric measurement of levulose. 
Levulose reduces the phosphomolybdic acid reagent of 
Folin (25} . as described by Campbell and Hannah (11) producing 
IL_ ~-~-~-=-==-=-~"- - -~======~~==~:~==== 
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a blue color . By ramoving the color so produced by titratio~ 
with . 005 Normal potassium permanganate they have devised a 
method which will accurately estimate levulose in minute quan-
tities (less than .ol%) in pm~e solution. I n urine however 
I 
II 
I 
substances ~e present which also strongly reduce the reagent. 1 
I 
Clarification with the reagents mentioned above does not removd 
I 
these substances. Removing the levulose by fermentation , I · j 
have attempted to measure it by the loss in reducing power of 
the solution. In so doing it was found that substances pre-
sent in the yeast affected the reagent . 
of this method . 
This precluded 
the usl 
Thus by a process of elimination I · have found that the 
most accurate me~~s of estimating levulose is based upon a 
determination of the total sugar present by the colorimetric 
method of Folin and Berglund (24) supplemented by a measure-
ment of the optical rotation of the urine before and after fer 
mentation. This latter procedure enables me to allocate to 
levulose and glucose respectively the exact part of the total 
sugar which each represents, by vir~te of the great difference 
1n the specific rotation of eaCh sugar. Glucose has a speci-
fic rotation of +52.5 degrees while levulose has a specific 
rotation of -92 degrees. Due to the presence in the urine of 
substances which interfered with each procedure, preliminary 
treatment of the urine was necessary in each case. First I · 
shall consider the factors influencing the application of the 
i 
I 
I 
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J polariscopic method . A precise instrument is of prime tmpor-
I tance. I · have made use of a Schmidt and Haensch polariscope 
which is graduated in hundredths of a degree. It was possible 
to make four successive readings , eaCh falling within a range 
or three hundredths of a degree. This is equivalent to an 
error or leSS' than 10 mgm . per 100 CC . in the case Of levulose 
Readings must be taken in a darkened room; sufficient time mus 
be allowed for one ' s eyes to become adapted to the darkness, 
and readings must be made L~ rapid succession to prevent eye 
fatigue . The specific rotation of le~~lose varies with the 
temperatu.re while that of glucose remains constant . I have 
made all determinations at 25 degrees Centigrade . Values for 
the optical rotation of levulose solutions of the low concen-
tration with which I _was · working not being available , I 
have carefully determined the rotation of solutions of levulos 
I 
ranging from . 04% to 1.0%. Although levulose solutions do not j 
show mutarotation after 30 minutes I h ave allowed the speci- I 
! 
mens to stand for 90 minutes at room temperature due to the 
poss ible presence of glucose which attains its equilibrium 
more slowly. In the select i on of a clarifying agent for urine 
I have r ejected an~al Charcoal. Sufficient acidity to pre-
vent the absorption of sugar by the charcoal intluences the 
polariscopic readings . Instead I have chosen Lloyd's Reagent 
a hydrated alumL~um silicate, since it gave very clear solu-
tions and was effective in a muCh lower acid concentration. 
I 
i 
' 
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Lloyd's reagent is very effective and as Folin states (24) 
"removes most of the coloring matters together with the uric 
acid~ creatinine and creatine~ yet unlike all or most effective 
charcoals does not take away the sugar." In normal urine I 
have detected in practically all cases levorotation, sometimes 
as much as 0.35 degree. This was first detected by Haas (38). 
It has been attributed to the presence of glucuronates by Mayer 
and Neuberg (51) and to creatinine by Carles (12) . G'reatinine 
having no assymetric carbon atom~ is optically inactive. Nor-
mal glucuronate excretion reported by Sauer (72) is insufficien~ 
to explain the entire rotation. I have observed a definite cor~ 
relation between amino acid concentration and levorotation in 
urine using Folin 1 s (73) colorimetric procedure. ~o acids 
too would seem to influence the optical rotation. In this 
connection since Lloyd's Reagent does not remove t he levoro-
tatory substances I have found it necessary to remove the sugar 
by fermentation and to determine its rotatory effect by measur-
ing the change in angular rotation. For this purpose I have 
used yeast washed according to Somogyi (63) which does not in-
troduce any optically active material. Fermentation may be com 
pleted satisfactorily in an hour and a half at 37 to 42 degrees 
Centigrade. The urine must be weakly acid. If it should be 
alkaline it may be rendered acid by a trace of solid tartaric 
acid. With an observance of the restrictions outlined above~ 
the optical rotation may be interpreted in terms of 
II 
I 
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fermentable sugar present. The followL~g ~ table contains a com-1 
I 
parison of the observed and theoretical angular rotations of 
dilute levulose solutions: 
Levulose Concentration Measured Rotation Calculated Rotation 
. 04 -.os 
.06 -.10 
.os -.16 
. 10 -.18 
.12 -.22 
.16 -.31 
. 20 -.36 
.25 
-.47 
.50 -.90 
1.00 -1.83 
Concentration in grwms per 100 cc. 
Rotation in angular degrees. 
-.07 
-.11 
-.15 
-.18 
-.22 
-.29 
-.36 
-.45 
-.92 
-1.84 
It is readily seen that the maximum deviation is equiva-
lent to an error of less than 10 mgm. levulose per 100 cc. 
The FolL~ - Berglund procedure which I have used for the 
r determination of the total reducing sugar is an adaptation of 
I 
I 
I 
I 
I 
I 
the familiar Folin - Wu technique for blood sugar to the con-
ditions which are encountered in the urine. Wishing to measur~ 
the same fermentable fraction of the total reducing material a1 
is measured by the polariscope I have applied the method to 
the urine before and after fermentation with washed yeast 
--- - - ---~-:: 
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clarifying with Lloyd's reagent in each case. The precision or 
the method is considerably greater than .01% levulose. 
The details of the method follow: To 2 cc. or urine are 
. I 
i 
added 5 cc. tenth normal oxalic acid and 13 cc. of water making 
a final dilution of l to 10. This is clarified by shaking wit 
2 grams of Lloyd's reagent for 2 minutes. After filtration 2 
cc. are added to 2 cc. of alkaline copper tartrate solution in 
a Folin - Wu blood sugar tube, heated in a. boiling water bath 
for 6 minutes along with suitable sugar standards (.005%, 
.01%, and .02% glucose) similarly prepared. After removal 
the· bath, 2 cc. of Phosphomolybdic acid reagent are added. 
The tubes are cooled 1 diluted to the 25 .cc . mark, mixed, and 
colorimetric comparison is made in a standard colorimeter usin 
the sugar standard which most closely matches the color of the 
solution being analyzed. 10 cc. of the filtrate from the 
treatment with Lloyd's Reagent are fermented with the yeast ob 
tained by centrifUging 1 cc. of a 10% suspension of washed 1 
yeast. Thirty minutes at 35 to 42 degrees Centigrade is suffij 
cient for complete ferme~tation . The residual reducing mater-
ial is determined as above. By difference the fermentable su-
g~ is obtained. The sugar concentr a tion may be readily ob-
tained from the following equation based on the colorimetric 
readings obtained: 
R (standard) 
R (unknown) 
i 
X% Sugar in S!!
0
:n% Sugar in Un~ j1 
II 
I 
~ 
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The sugar is here expressed in terms of glucose since a 
glucose stsnds~d was used . Since levulose only reduces the 
copper te~trate 0.90 as strongly as glucose as noted by Rowe 
and Wiener (57) this coefficient must be used to transform the 
·1 values into terms of levulose. The value of the use of the 
glucose standard lies in the fact that in every case I am 
dealing with a potential mixture of glucose and levulose. 
The following table is representative of the accuracy of 
the determination of levulose added to urine. 0.1% levulose 
was added to each sample. Determinations are befor·e and after 
ferment ation. 
Sample 
1 
2 2 
3 
4 
5 
6 
Optical 
Before 
-.25 
-.29 
-.38 
-.32 
-.27 
-.23 
Rotation 1 
Ai'ter Difi'. 
-.08 ~.17 
-.09 -. 20 
-.20 -.18 
-.14 -.18 
-.10 -.17 
-.04 -.19 
Total Sugar 
Before After Diff • 
• 12 .02 . 10 
.14 . 04 .10 
.16 .06 .10 
.12 .02 .10 
.11 .Ol .10 
.11 .o1 . 10 
Optical Rotation in degrees ; theoretical difference is 
-.18 
Total sugar in grams per 100 cc .; theoretical difference 
is .10 
Obviously where the observed rotation is that of ~ l evu-
II 
'I 
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lose solution of' the same concentration as the fermentable sug 
ar found :- I am justii'ied in concluding that. I . am dealing 
with leVUlose alone. When however there is a discrepancy due 
to the presence of glucose, the i'ollowing method of determinin 
the proportion of each must be followed. Sbntltaneous equatio 
are derived from the polariscopic measurements and fermentable 
sugar determinations and are solved for levulose and glucose 
concentrations. 
Thus; Let G • glucose concentration 
L = levulose concentration 
Since levulose reduces the copper tartrate onl~ .9e as 
strongly as glucose G + .9L = Fermentable Sugar. 
For convenience in calculating it is desire.ble to express I 
sugar concentr~tion in units of one tenth per cent, the angu- i 
! 
lar rotation for which is -.18 degrees in the case of levu.lose 
and + .11 degrees in the case of glucose . The following equa-
tion results: 
.11 G - .18L = Angular Rotation of Ferm. Sugar. 
These two equations are readily s olved for G and L. 
Using the method outlined above I have based the deter-
mination of normal levulose tolerance upon the urine findings. l 
The Determination of Levulose in Blood 
The accurate determination of levulose in blood presents 
serious difficulties . The blood sugar values referred to in 
the section devoted to the presentation of the literature are 
23 
total sugar values and do not represent a measure of the levu-
lose content of the blood independent of the glucose content . 
The level which levulose attains in the blood stream under 
normal conditions after the oral administration of the sugar i 
very low, values :rrom. 5 to 20 mgm. per 100 cc ~ being prevalent 411 
i 
The actual concentration which must be dealt with analy- j 
tically is still fUr t her lowered by the dilution occassioned 
by the addition of deproteinizing reagents. The conventional 
dilut i on of one to ten provides a solution of the order of 1 
t o 2 mgm. per 100 cc. in the presence of interfering substance • 
Although no blood sugar values on normal cases will be · include 
I 
in this thesis, a discussion of the relative merits of methods ! 
I 
I 
i 
I have examined in anticipation of additional studies will be i 
I 
presented. 
The blue color produced by heating levulose with diphenyl 
amine and hydrochloric acid was used by Van Creveld ( 70) upon 
1 
blood filtrates deproteinized by mercuric chloride. The blue 
I 
II 
I 
I 
I 
color was ex t racted with amyl alcohol. Standards consisting 
of levulose dissol~ed in blood filtrates were used .to co.mpen-
sate for the interfering color produced. Corley (15) modified i 
the method for use with tungstic acid riltrates using melted 
phenol to dissolve the blue substance. An interfering sea 
green color is produced in this case. With the slight amount 
I of .blu e color produced with the small levulose content of the 
'I blood filtrate the green_c_o_l~-r _P~-~vides a rea~ __ o_b~-ec~i ·on. 
I 
II 
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The color produced by heating levulose with the phos-
,pho.molybdic acid of Folin (25) has been made the basis of a 
' 
titrimetric method by Campbell and Hanna (11) . The blue color 
is removed by titration with st.andardized potassium _ permangan-
ate using a calibrat ed micro' burette . A blank determination i 
run on a control blood sample taken befor e sugar ingestion, us 
ing a tungstic acid filtrate . Determinations are made at in-
tervals after the test sugar is fed . The blank det~r.mination 
has the convincing property of being practically constant in 
all normal individuals . Total blood sugar determinations are 
made on the same filtrates, and since the effect of levulose i 
about twenty-two times as great upon the phosphomolybdic acid 
as is that of glucose, the amount of levulose and glucose com-
prising the blood sugar rise may be determined. ·. I have :found 
' the method quite satis:factory, determining levulose added to 
blood :filtrates by means of it with an error of plus or minus 
one mg:w . per 100 cc . 
J 
Very recently Roe (56) has developed a method in which 
. . . I 
:filtrates prepared by zinc hydroxide deproteinization are sub- · 
jected to a considerably modi:fied Seliwanoff technique. The 
hydrochloric acid concentration is raised to 18%. Alcohol is 
included in the reagent and heating is carried out at 80 de-
!1 grees Centigrade instead of at the boiling point. The method I 
II apparently is quite aceurate and is about 13 times as sensitiv 
I as the original, Seliwano££ method . The method is eolor:l.me- : 
===:±ir 
' , 
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trio. The simultaneous use of this method and the previou s one 
seems to be the most reliable procedure to follow using each as 
a check upon the other. 
Normal LevUlose Tolerance 
The normal individuals who participated in the following . 
series of Levulose Tolerance Tests were carefully standardized 
by functional tests {57a). All were in apparently perfect 
health. Any condition which might possibly influence the levu-
lose t olerance caused exclusion from the group. 
· A modified Hofmeister technique of the levulose tolerance 
test was used, the levulose being administered in graded doses 
in 25 gram units, exceeded tolerance being adjudged by the de-
tection of levulose in the urine by the qualitative reagents. 
Where excessive quantities of water caused large urine speci-
mens these were concentrated and retested by the qualitative 
reagents if negative at first. The factor can readily be con-
trolled by a reasonable water intake. The quantitation of the 
sugar was carried out as described in the discussion of analy-
tical procedures. The tests were carried out for the most part 
under the direct supervision of a nurse in the hospital. A 
£ew were performed under the gupervision of the director of a 
college dormitory. 
26 
Traugott (69}has pointed out the advisability of insur-
ing an adequate carbohydrate intake prior to the test to insure 
normal tissue saturation. The younger subjects were well nour-
ished and were on the balanced diet designed by the hospital 
dietitian for at least three days prior to the tests. The 
adul ts were living in dormitories and were on a diet designed 
by their college dietitian. 
The following diagram describes the method by which the 
gradation of dosage was governed. 
Day 1 Day 3 
r 125 gms. 
,..------~!!- 100 gms. 
50 gms. 
) 25 gms. 
+ , 75 gms. 
+ 
As I learned by experience to expect certain tolerance 
limits to prevail, variation in the dosage was made in indivi-
dual cases for the purpose of saving time and sugar which was 
rather costly. 
The follo wing directions describe in detail the manner in 
vihich each dose was administered: 
On the day of the test the following outline is to be ob-
served: 
1. At 5 A.M. void urine and discard . 
2 . At 7 A.M. void urine which has been gathering during 
the last 2 hours and save. This is Urine No . 1. 
3. As soon as the urine has been voided, take the sugar 
dissolved in 6 to 8 ounces of water, 
-::-::=====1F======-=---=-=-=.:= -~-
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drinking all of it . (Use more water with larger doses . ) 
4 . At 9 A.M. collect the urine which has been gathering 
is 
between 7 and 9. This/\Urine No . 2 . 
5. At 11 A. M. collect the urine whi ch has been gathering 
between 9 and 11 . This is Urine No . 3. 
D1PORTANT 
No food other than sugar is to be taken until 11 in the 
morning , at which time breakfast may be eaten . Water may be 
1 
drunk reasonably. It is desirable that the person remain in 
l 
I bed 1m til breakfast. 
I 
II 
I 
Each urine should be placed in a separate container and 
carefUlly marked wi th the proper number . The name of the per-
son .. ~ should be marked on the wrapped parcel . The entire col-
l ection should be sent to the laboratory as soon as completed, 
that is to say, in the afternoon of the day on which the test 
is made . 
In the previous studies made with galactose ( 57b) as the 
test sugar a higher tolerance ·level was found in the case of 
females than in males . This was subsequently t r aced to the de-
gree of function and the level of activity of the internal se-
cretor y power of the ovary (57d) . Accordingly in this inves-
tigation of levulose tolerance · I have cl assif ied the· normals 
with respect to sex and stage of development for comparative 
purposes . 
------ --· =========- ---=-----==-- -- -==tf===--=== 
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Normal Female Levulose Tolerance 
Prepubescent Pubescent Adult 
No . 13 11 22 
Age 5-13 11- 14 18- 26 
( 75 ) 10 6 0 
( ) 
Tol . ( 100) 3 5 18 
( ) 
(125) 0 0 4 
Av . Tol. 81 89 105 
The tolerance is expressed in gr&ms of levulose . 
The prepubescent group includes those who have been men-
struating less than a year . 
Normal Male Levulose Tolerance 
Young Adult 
No. 25 20 
Age 5-12 18-26 
( '7 5) 14 0 
( ) 
Tol.(lOO) 11 12 
( ) 
(125) 0 8 
Av. Tol. 86 110 
In the absence of a well defined index of pubescence in 
the male the first two groups have been merged. trhe average 
tolerance of the group so obtaL~ed compares very closely with 
the mean of the f irst ~ro female groups . 
The results in the male and female adult groups indicate 
that there is a well defined zone wi~hin which the normal 
======~~======================================================~-=-=-=-==--==~F~~~~ 
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tolerance lies and that a positive response to either 100 or 
125 grams indicates an undisturbed tolerance. 
There apparently is not the sex difference in tolerance 
which was found in the case of galactose . That this is so may 
be due to the fact that; galactose unlike levulose plays an im-
portant part in the meta'Qolism of the mammary gland. 
In the quantitation of the sug~~ present in the urine the 
values varied from .05 to . 32 grara of levulose excreted. In 
no case however could the intensity of the levulosuria be in-
terpreted as a measure of the extent by which the tolerance ha 
been exceeded. This emphasizes the value > or the qualitative 
response over the quantitative measurement of levulose output 
in detecting lowered tolerance . Some years ago Allen (2) made 
the observation 1 called the " carbohydrate paradoxn , that in-
creasing the amount of carbohydrate in the diet greatly over 
the minimum dose which produced glycosuria had but a slight 
effect ~pon the araount of sugar excreted. This generalization 
also holds true in the case of levulose alone as the following 
l
,l representative data show 
·I Levulose Fed 
in 6 normal cases: 
Levulose Excreted (Grams ) 
75 0 0 0 0 0 0 
100 . 11 .3,6 .13 .16 .12 . 15 
I 125 . 31 .20 .23 .22 . 19 .21 I 
,, Recognizing the principle involved in Allen ' s paradox and 
findings, - I: have been con- I 
! 
observing its confirmation i n my · 
II 
II d ;I 
----- -
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strained to be guided by the. qualitative response as providing 
the most reliable criterion of surpassed levulose tolerance. 
Summary 
A survey of the literature has been followed by a careful 
experLmental survey of the analytical methods for determining 
levulose in minute amounts in blood and urine. Employing the 
most satisfactory methods avail able the no1•mal levulose toler-
ance has been found to lie within a wel l defined zone being in 
the case of the normal adult of both sexes between 100 and 125 
grams. Thera is apparently no well defined sex difference. 
In either sex hovrever an initial average tolerance of about 80 
to 85 grams in childhood rises to the full adult value. The 
detection of levulose in the urine by the qualitative response 
is deemed the proper index of exceeded tolerance . The observa 
tion of lowered and elevated levels of tolerance in abnormal 
cases indicates the value of the test as an additional rune-
tional test L~ differential diagnosis . By way of illustration ! 
I 
the following table is included to show the effect of various 
factors on the levulose tolerance: 
Liver DysfUnction (35) 
Liver and Thyroid Dys. (11) 
Normal Pregnancy (9 ) 
Toxic Pregnancy (9) 
Ovarian Failure (4) 
Lowered 
25 
7 
19 
19 
4 
Normal Elevated 
7 3 
2 2 
0 0 
3 0 
0 0 
The author is indebted Dr. Allen Winter Rowe to the late 
for his kindly intel"est and assistance ·· in the problem. 
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